Using Molecular Dynamics simulations, we study the force-induced detachment of a coarse-grained model polymer chain from an adhesive substrate. One of the chain ends is thereby pulled at constant speed off the attractive substrate and the resulting saw-tooth profile of the measured mean force f vs height D of the end-segment over the plane is analyzed for a broad variety of parameters. It is shown that the observed characteristic oscillations in the f -D profile depend on the bending and not on the torsional stiffness of the detached chains. Allowing for the presence of hydrodynamic interactions (HI) in a setup with explicit solvent and DPD-thermostat, rather than the case of Langevin thermostat, one finds that HI have little effect on the f -D profile. Also the change of substrate affinity with respect to the solvent from solvophilic to solvophobic is found to play negligible role in the desorption process. In contrast, a changing ratio ǫ Eventually, performing an atomistic simulation of a (bio)-polymer polyglycine, we demonstrate that the simulation results, derived from our coarse-grained model, comply favorably with those from the all-atom simulation.
(such as hydrogen bonding of water molecules near/around the monomers).
Recently we have revisited the detachment theory of a strongly adsorbed macromolecule by making use of a freeenergy-based stochastic equation (the so called Onsager equation) approach, and by performing extensive Molecular Dynamic (MD) simulations [14] . This study has confirmed the force-spikes response under DC and also demonstrated how the saw-tooth profile is smeared out with growing detachment velocity v c and increasing mass of the AFMcantilever. Moreover, we have shown that the average detachment force versus detachment velocity v c relationship exhibits a nonlinear behavior when plotted in semilogarithmic coordinates. The presence of fluctuations in our model enables, among other things, to calculate the probability distribution function (PDF) of the fluctuating force at the cantilever, measured at the moment of ultimate detachment, which is an experimental observable in laboratory studies.
In the present paper we extend and generalize our previous MD simulations [14] so as to probe systematically the influence of various energy contributions to the desorption energy barrier G b , more precisely, on the resulting force f -displacement D profiles. Using a CG model, the pairwise interactions between monomers can be tuned to understand their influence on displacement profiles. Similarly, by introducing torsional and dihedral harmonic potentials in addition to the classic bead-spring potentials (further details on the simulations scheme will be given below), effects of bending and/or torsional stiffness of the polymer backbone on the detachment behavior are examined. At this point we should also note that the energy components forming the overall energy barrier G b can be in phase with each other along the reaction coordinate (distance above the substrate in this case). Hence, their addition can make an energy minimum between two consecutive maxima more shallow or deeper as we will see later in this paper.
The paper is organized as follows. First, in Section II we examine the role of hydrodynamic interactions within the context of external force-driven polymer desorption by comparing the effect of Langevin-and DPD thermostats within our coarse-grained (CG) model. We also check the role of substrate wettability and its impact on the f -D profile. Then, the desorption of an alternating A − B copolymer with different binding energies of the A-and B-monomers to the substrate is examined. In addition, the effect of bending and/or torsional stiffness of the polymer backbone on the detachment behavior is studied. Eventually, in Section III we report on atomistic MD simulation of polyglycine detachment, using a macromolecule comprised of 31 base-pairs, adsorbed on a crystalline carbon substrate, and compare it to the generic behavior of our coarse-grained model. Our report ends with a brief summary, presented in Section IV.
II. COARSE-GRAINED SIMULATIONS

A. Model
Similar to our previous study [14] , simulations of a coarse-grained model were carried out based on a generic beadspring model of a flexible polymer chain [15] , composed of N monomers, connected by nonlinear bonds along the polymer backbone. The bonded (two-body) interactions in the chain is described by the Kremer-Grest [15] potential, V KG (r) = V FENE (r) + V LJ (r) with the so-called "finitely extensible nonlinear elastic" (FENE) potential given by
The non-bonded interactions between monomers were taken into account by means of the Lennard-Jones (LJ) potential, given by:
In Eqs. (1) and (2), r = |r ij | denotes the distance between the center of monomer (bead) i and j, r c is the cutoff distance, while the energy scale ǫ and the length scale σ are chosen as the units of energy and length, respectively. Accordingly, the remaining parameters are fixed at the values k = 30 ǫ/σ 2 and r 0 = 1.5 σ [15] . In Eq. (2) we have introduced the Heaviside step function θ(x) = 0 or 1 for x < 0 or x ≥ 0. We performed simulations with short-and long-range cutoff: r c = 2 1/6 σ (purely repulsive interaction between monomers), and r c = 2.5 σ (monomer attractions allowed at larger distances). In the course of the study, chain bending stiffness and torsional stiffness were varied by introducing a three-body,
and four-body interactions
where θ ijk and φ ijkl denote bending and dihedral angle formed respectively by two and three successive bond vectors. In the CG-simulations two kinds of substrates were considered. We employed structureless adsorbing surface (with no friction in the lateral plane), modeled simply by a Lennard-Jones potential acting with strength ǫ s in the perpendicular
. In a separate set of simulations, we introduced a rough surface composed of beads which form triangular lattice and interact with monomers via Eq. (2) in order to take into account friction between polymer and substrate.
In our simulations we consider, as a rule, the case of strong adsorption ǫ s /k B T = 5 and 20 for the structureless surface, and ǫ s /k B T = 5 in case of atomistic surface, with T being the temperature of the thermal bath which is described briefly below.
Temperature in our simulations was controlled by two different methods: (i) a Langevin thermostat [16] , and (II) by Dissipative Particle Dynamics (DPD) thermostat [17] . In both methods the dynamics of the chain is obtained by solving the following set of equations of motion for the position r n = [x n , y n , z n ] of each bead in the chain,
with F cons n being the total conservative force acting on each polymer bead with mass m = 1. The influence of the solvent is split into slowly evolving viscous force and rapidly fluctuating stochastic force. Thus, in Eq.(5), F D n and R n denote respectively the dissipative and random forces which are responsible for keeping the system at constant temperature. The difference between Langevin and DPD thermostats lies is the choice of these two forces.
In the Langevin thermostat, the dissipative force (drag force) is proportional to particle's velocity F D n = −γ Lṙn , where γ L = 0.5 is the friction coefficient, and the time unit is τ = mσ 2 /ǫ. In addition, the random force has a zero mean value and satisfies the fluctuation
. These two forces, the random and the frictional one, are balanced in order to maintain the system temperature at the set value.
In contrast to the Langevin thermostat, in the DPD thermostat both dissipative and random forces are applied as pairwise interactions, such that the sum of these two forces acting on a given pair of particle in the system is zero. Thus, in the DPD case the particle momentum is conserved, leading to correct description of hydrodynamic interactions [18, 19] . The form of dissipative and random forces in the case of DPD thermostat is the following:
where the weighting function w is defined as w(r) = 1−r/r c , γ DPD = 20 is the friction coefficient, and α is a Gaussian-distributed random number with zero mean and variance equal to unity, whereas dt stands for the integration step.
In all CG-simulations the equations of motion were integrated using the MD package LAMMPS [20] . The solvent in our simulations was considered either as being present implicitly (allowing for its existence and ensuing viscosity by tuning the friction coefficient γ L ), or modeled explicitly by adding spherical particles with density ρ = 0.86 σ −3 ) and friction coefficient γ DPD = 20.
The detachment of chains, composed of N = 20, or N = 100 monomers, was performed as follows. In the initial state, the chains were completely adsorbed and equilibrated on the surface. The macromolecule was then pulled perpendicular to the adsorbing surface by a cantilever at constant velocity V = [0, 0, v c ]. As a cantilever we used two beads connected by harmonic spring and attached to one of the ends of the chain. The mass of the beads, forming the cantilever, m c , was set to m c = 1 whereas the equilibrium length of the harmonic spring was set to 0 and the spring constant was chosen as k c = 50ǫ/σ 2 . During the pulling simulations, the force f (t) at given height D over the substrate was calculated from the instantaneous harmonic linker extension ∆z l (t), i.e., f (t) = k c ∆z l (t).
B. Results
Impact of chain properties on the f -D profile
The saw-tooth response of the pulling force f , measured at any fixed distance D of the chain end above the adsorbing surface, is a characteristic feature produced by the detachment of successive monomers along the polymer backbone, cf. Figure 1a . The observed steady and steep increase of f after the characteristic last minimum, which corresponds to detachment of the last monomer, is a hallmark of a chain, tethered by one of its ends to the adsorbing substrate and pulled by the other end monomer. It reflects the ultimate extension of the linker spring once all beads, besides tethered one, have lost contact with the adsorbing plane. In a real experiment, the chains which have to be detached from the adsorbing surface are most probably not tethered, so the final f -D profile exhibits instead a sharp drop of the force, which can be also found in our simulations as shown in Figure 1b . This kind of behavior has been observed before for fully flexible homopolymer chains by Jagota et al. [10] [11] [12] [13] and Paturej et al. [14] .
Apparently, a semi-stiff tethered chain exhibits the same pattern, (cf. Fig. 1a ), albeit the ultimate steep growth of the pulling force f is preceded by a characteristic minimum extending over the last few beads of the chain that precede the tethered bead. Obviously, the last portion of the semi-rigid chain bends and takes off as a whole, whereby the length of this chain portion should depend on the chain stiffness. No finite size effect can be detected on Fig. 1a . Indeed, it can be seen that, irrespective of the chain length (either N = 20, or N = 100), the amplitude and position of the spikes remain insensitive to chain length N . In addition, there is no significant difference between the f -D profiles for polymer chains adsorbed on a smooth or rough surface (not shown). The only difference is a slightly larger (≈ 5%) amplitude of force f measured in the case of rough surface. Generally, one may speculate how the chain stiffness affects the f vs D diagram. The bending stiffness of the polymer backbone was included in the simulation by allowing for the three-body bending potential, V b (θ), where θ is the angle between two consecutive bonds, cf. Eq. (3). The stiffness parameter κ determines the persistence length of the chain, l p , which is defined through the decay of bond angle correlations [21] . Figure 2 shows simulation results for different stiffness parameter κ and chain length N . It can be seen that with growing stiffness, the amplitude of the spikes decreases and also the spikes resolution deteriorates. Starting with approximately κ = 50, the complete chain detachment is preceded by a characteristic force minimum (in case of tethered chains). Then, with growing stiffness κ this minimum, which marks the ultimate chain detachment, occurs at smaller D, indicating that increasingly larger portions of the polymer backbone are detached as a whole. The minimal detachment force thereby also drops so that at κ = 1000 it approaches zero. However, for realistic values of the stiffness κ, and not extremely short chains, N ≥ 10, the total energy, E rod , needed for tearing off the polymer as a single piece of rod from the adsorbing plane, E rod ∝ N ǫ s , would be huge in comparison to the energy, E arc , needed to tear off the same semi-flexible chain bead by bead, E arc ≈ n m ǫ s + (n m − 1)κθ 4 b , with few beads n m that form an arc of the bended portion of the chain backbone, Fig. 3 . Once an arc is formed, no further energy penalty will be needed to keep the chain bended during the rest of the detachment process.
A rough estimate, using the potential V b (θ), Eq. (3), with θ = 10 o degrees yields κ × 5.310 −8 bending energy per bond, or E arc ≈ 10 −5 k B T for an arc encompassing 10 bending angles and κ = 100 k B T . In the same time such an arc can already reach a height of 10 × cos(10 o )σ ≈ 1.74σ, where surface adhesion is already dwindling. Therefore, the detachment of even rather stiff chains instantaneously as a rod-like object should be ruled out and a f -D profile of the type, shown in Figure 2 , is likely to be observed. Owing to the creation of arc, more that one bead detach concertedly and move away from the adhesive surface beyond the range of adsorption. The neighboring beads along the arc, i and j, remain thereby at fixed mutual distance z ij < σ. The neighboring bonds slightly bend but do not stretch significantly so that the length of the individual bond is close to the unperturbed length yet much less than the maximal one, r 0 = 1.5σ, cf. Eq. (1). As a result, depending on chain stiffness and in contrast to flexible chains, the monomers in a semi-stiff chain detach concertedly rather than one by one which exerts a smearing effect on the saw-tooth diagram f − D, Fig. 2a . Increasing bending stiffness also decreases the magnitude of saw-tooth profile amplitude as the bonds between neighboring monomers stretch less. Realistic DNA-models usually include also a dihedral potential which is responsible for the chain resistance to
to the fully flexible, and semi-flexible (κ = 50) chain models, is shown in Fig. 4 . It can be seen that while the bending stiffness itself leads to a clear shift of the force oscillation pattern, the resulting behavior practically does not change upon inclusion of a dihedral potential.
Effects of substrate adhesion on polymer detachment
It is to be expected that the strength of adhesion of the polymer chain to the adsorbing surface will manifest itself in the recorded variation of desorption force f with distance D. While in the previous graphs, Figures 1-4 , we focused on cases of strong adsorption, ǫ s = 20k B T , in Figure 5a we present the desorption profile for weak to moderate attraction of the chain by substrate (in our model the threshold for adsorption ǫ crit s ≈ 3k B T ). Indeed, as indicated in Figure 5a , at ǫ s = 5k B T , the characteristic oscillations in the f -D profile virtually vanish (apart from the statistical noise). Therefore, one may conclude that the method of single chain detachment spectroscopy as a tool for sequencing analysis could be used in cases of strong polymer -substrate adhesion only. For the objectives of sequencing, the legibility of the data, derived by this method of force-induced detachment, must be examined for heterogeneous polymers in particular. As an example, the result for an alternating (A−B)-copolymer detachment is shown in Figure 5b . Here monomers A and B have different affinity to the substrate (albeit the same mass m A = m B ). The detachment starts with a B-monomer (i.e., a monomer with a relatively smaller affinity to the substrate). For a ratio of ǫ A -ratio once the first few repeating units are been detached. So at larger height D of the pulled chain end (approximately starting from D = 8σ), for the B-type monomer desorption one observes local minima rather than peaks. Evidently, a correct sequencing of heterogeneous macromolecules can be performed only in cases when the affinity of the various building units of the macromolecule to the substrate does not differ strongly.
Implicit vs. explicit solvent
So far we examined how the force-displacement profile of different polymer chains reflects the properties of the chains and their interaction with the adsorbing surface. It is of some interest to check whether the properties of the surrounding medium, considered in the different simulation setups, might influence the f -D profile too.
In many computational experiments, as e.g. in our previous publication [14] , one takes the solvent only implicitly into account. The solvent properties can be then varied to a limited amount only, for example, by changing the friction coefficient γ in Eqs. (5) . In principle, however, the presence of an explicit solvent might affect the course of force-induced chain desorption due to hydrodynamic interactions (HI). To this end we compare the f vs D diagram, derived from simulations of the same system when two different thermostats are used: (i) a Langevin thermostat (i.e., with no HI), and (ii) a DPD thermostat. It is well known that the latter allows for a correct hydrodynamic behavior [18, 19] , whereas the Langevin thermostat does not preserve momentum conservation, and therefore does not reproduce the proper hydrodynamic behavior. In the case of explicit solvent, a chain is pulled in a Lennard-Jones liquid with liquid monomer density ρ = 0.86σ −3 . Figure 6a , however, that there is no tangible difference between these cases, which suggests that the hydrodynamic interaction is largely irrelevant in detachment experiments. In fact, when compared to the case of explicit solvent with no HI (Langevin thermostat), the presence of HI (accounted for by DPD) leads to a slight decrease in the pulling force, cf. Figure 6a , at the end of the detachment process. Evidently, this affects the detachment of the last beads only while the main portion of the chain is sufficiently far away from the substrate. While such an effect is completely missing for slow detachment with v c = 10 −3 σ/τ (not shown here), for fast detachment, v c = 10 −1 σ/τ , it should actually be expected due to the solvent back-flow, triggered by Stokes friction of the detached chain portion when the desorbed chain eventually sets into motion. Moreover, due to confinement effects, HI (being long-ranged) are screened [27] in the vicinity of the adhesive wall, which explains why their presence is detectable only at sufficiently large distance D from the wall. Therefore, one can view the small decrease in f in the case of explicit solvent as a typical manifestation of the well-known difference between Rouse and Zimm dynamics of polymers.
It is evident from
Substrate wettability
We checked also to what extent the affinity of the adsorbing substrate with respect to solvent plays a role. Basically, we distinguish between solvophobic substrates, where the polymer chain is still attracted to the surface whereas the solvent particles are repelled, and wettable substrates, where both the polymer and the solvent are attracted to the surface. Figure 6b indicates a systematic decrease in the amplitude of the spikes for wettable substrates (as if the solvophobic solvent effectively increases the chain adhesion to the surface), yet the characteristic saw-tooth force vs distance profile remains qualitatively unchanged. The spikes positions under conditions of good wetting are also slightly shifted to lower values of D, i.e., the monomers detach more easily (at somewhat lower height) as compared to the solvophobic case.
Desorption at different temperature
Eventually, we examined the role of temperature T in the process of chain detachment and its impact on the forcedisplacement diagram. T (measured in units of the monomer -monomer interaction strength ǫ/k B ) was increased, while the adsorption strength ǫ s was also correspondingly changed so as to keep the ratio ǫ s /k B T constant and equal to ǫ s /k B T = 20 as in most of the presently studied cases. The presence or absence of explicit solvent revealed thereby almost no difference again.
Expectedly, the mean level of the force (the average plateau height) grows, reflecting the stronger adhesion ǫ s , while, surprisingly, the amplitude of the spikes remains largely unchanged. A simple explanation for this observation in the force detachment experiment can be suggested as follows. We consider the chemical potential of adsorbed, µ ads , and detached segments, µ det , which should become equal on the detachment line, i.e., µ ads = µ det . In the limit of strong adsorption (or, at low temperature), when the macromolecule is tightly bound to the surface and loops (non-adsorbed chain portions) may be neglected, the free energy gain (per chain segment) upon adsorption reads:
In Eq. (6) ǫ s again stands for the adsorption energy of a single segment while µ 2 and µ 3 are the so called connective constants in two-and three dimensional space respectively. The latter correspond roughly to the possible orientations of a chain segment in space, i.e., the logarithms thereof yielding effectively the entropy contributions in two-and three-dimensions. It has been shown that for cubic lattices, for instance, µ 2 = 2.6 and µ 3 = 4.68 [28] . On the other hand, in the limit of strong adsorption, the detached chain portion is strongly stretched, attaining a "string" configuration, so that the elastic free energy per segment reads µ det = −af , where a is the Kuhn length and f is the force acting on the chain end. Moreover, in the "string" state a segment has only one orientation , i.e. µ 3 = 1. On the f − D plateau, f = f p , and due to the condition µ ads = µ det one has the following "plateau"-relationship
This result shows that for a strong adsorption the plateau height (i.e., the pulling force) is proportional to the adsorption energy. The result given by Eq. (7) has been obtained first within a more general consideration in our paper [29] (see Eq. (30) in [29] ). This is now supported by Figure 7 where the temperature and adsorption energy are changed proportionally to one another. The f −D diagram demonstrates in all cases the characteristic saw-tooth behavior with the amplitude progressively decaying in the course of chain detachment. This behavior has been analyzed first by Jagota et al. [10] . In terms of the number of detached chain segments, the n-th spike correspond to the reversible transition n ↔ n + 1 during which the detachment of a segment leads to release of polymer stretching energy back to the energy of adsorption ǫ s . This condition leads to the spikes amplitude law [10] 
This relationship is clearly in line with the decay behavior upon growing n. On the other hand, provided that the temperature and adsorption energy are increased proportionally to each other, the spikes amplitude does not change.
That is exactly what we observe in Figure 7 . Figure 7 also shows that the overall elastic modulus of the tethered chain does not depend on temperature. Most probably, this due to the fact that for the strong stretching the entropic contribution to elastic modulus (modulus grows with temperature) is compensated by the bond anharmonicity effect when the elastic modulus decreases with temperature.
III. ALL-ATOM SIMULATIONS
It appears instructive to compare the obtained simulation results for a coarse-grained model of a model polymer chain to atomistic MD simulations of concrete macromolecule. The latter were performed with the Gromacs MD package [4] using the Gromos96 force field [22] and the SPC (single point charge) water model [23] at constant surface area A and at constant vertical pressure P z of 1 bar with temperature T = 300 K. As an example we chose a molecule of polyglycine. For the temperature and pressure control, the method of Berendsen [24] was used. Periodic boundary conditions for the Coulomb interactions were implemented by the particle-mesh Ewald method [25] . Simulation runs were performed with an integration time step equal to 2 fs. The simulation box contains a hydrophobic diamond slab, N =31 polyglycine chain, and ca. 16000 SPC water molecules. The persistence length of glycine is ≈ 3 nm. Similar to coarse grained simulations, the molecules were pulled via harmonic linker attached to one of the ends of the molecule. The ratio between adsorption strength of the surface and thermal energy is around 7. This binding energy is of the order of the binding energy 8.3 ± 0.7 of polythymine 3 ′ poly(dC 50 on graphite substrate [11] . The base pair size is ≈ 0.3 nm. The entire system, including diamond surface, is composed of 70000 atoms. Dimensions of the simulation box are around 7 nm×7 nm×12 nm, and the thickness of a diamond slab is 1.8 nm. For the hydrophobic surface, the 100 -plane of an elastic diamond substrate is saturated completely by uncharged hydrogen atoms. The peptide is allowed to adsorb on the surface prior to solvation by water. After equilibration of the chain on the surface, the pulling is performed, cf. Figure 8a , whereby initially the glycine molecule is completely adsorbed on surface.
In vertical pulling simulations, a harmonic spring is connected to the terminal repeatable unit of the chain and moved vertically at a prescribed velocity v c until the entire chain is desorbed from the surface. The spring exerts no lateral force on the chain, and the chain can move freely on the surface. The spring constant is chosen as k c = 300 pN/nm. The force needed to pull the peptide vertically is calculated via F = k c (v c − z t t), where z t is the z-component of the position of the terminal amino acid. The velocity is taken as v c = 1 m/s, which has been demonstrated earlier to provide a quasi-equilibrium pulling on the corresponding surface [26] .
The all-atom simulation results for polypeptide desorption from atomistically rough substrate (diamond structure) are presented in Figure 8b along with several snapshots from different stages of the desorption event. Although the data for the f -D diagram, shown in Figure 8b , are averaged over 25 simulation runs only and appear somewhat noisy, they reveal a characteristic f − D behavior, which qualitatively complies with the results from our coarsegrained simulation. Comparing the first few spikes in Fig. 8b and in Fig. 4 , the general pattern resembles much more the saw-tooth profile, typical for semi-rigid, rather than for totally flexible polymers, in line with the nature of this polypeptide. Due to the relatively short length of this glycine macromolecule, the final 'dip' before contact with the adhesive substrate is lost, is rather short yet clearly visible as in the CG f -D diagrams of tethered chains. One may conclude, therefore, that the coarse-grained modeling of force-induced desorption of a polymer chain from adhesive substrate agrees well with the results from all-atom simulations.
IV. SUMMARY
In the present investigation we studied the process of polymer chain detachment by an external force, applied to the end-segment of a semiflexible chain which is strongly adsorbed to adhesive substrate. Most of the results have been derived by means of Molecular Dynamics simulations of a coarse-grained bead-spring model of a polymer chain, and focused on the analysis of the recorded (fluctuating) mean force f at height D of the last segment of the chain above the adsorbing plane when the segment is pulled with given velocity v c . As a principal objective of this investigation, the influence of different parameters that characterize the polymer chain, its adhesion to the substrate, and the substrate -solvent affinity on the ensuing f -D diagram have been examined.
We have found that an increasing bending rigidity of the polymer induces a sharp drop of the pulling force before the last segments of the chain are peeled off, i.e., the final portion of the chain is detached as a single piece of rod. Nonetheless, our observations and estimates suggest that the sequential desorption of polymer repeatable units from the substrate retains its characteristic "unzipping" mechanism, reflected by the observed "saw-tooth" f − D profile, up to very high degree of rigidity. This mechanism works not only for fully flexible chains but also for rather stiff ones due to the gradual bending of the macromolecule which is energetically much more favorable.
We also find that with increased bending stiffness κ, the modulation of the characteristic oscillatory profile steadily declines, similar to the effect of weaker attraction ǫ s of the chain to the adsorbing surface where the spikes vanish already at ǫ s ≈ 5k B T . In contrast, the torsional stiffness of the polymer has little or no effect of the f -D diagram.
Regarding the possible use of the f -D diagram for sequencing and its legibility, the performed detachment of an A − B-copolymer indicates that the ratio ǫ Our studies indicate that the role of hydrodynamic interactions (HI) in the process of forced-induced detachment of a macromolecule from adsorbing surface is negligible. The resulting f -D diagrams, emerging from MD simulations with and without explicit solvent, hardly warrant the incomparably larger computational efforts in the former case. This insensitivity of the problem regarding HI is related most probably to the resulting stretched conformation of the pulled macromolecule, and to the effect of screening of HI in the vicinity of the adsorbing surface.
Eventually, by comparing our data derived from a coarse-grained bead-spring model of a macromolecule to data from a realistic all-atom simulation of a bio-polymer (glycine), peeled off a diamond substrate, we have demonstrated that the observed f -D diagrams agree qualitatively well with each other, underlying thus the relevance of coarse-grained computer modeling.
